Abstract To determine the influence of glycine-Cu chelates (Gly-Cu) on chemical composition and sensory characteristic of chickens meat, two hundred of Ross 308 broilers were fed diets containing 16 mg kg −1 of copper sulfate (S-Cu; control group) or 16, 8 and 4 mg/kg of Cu-glycine chelate (Gly-Cu).
Introduction
Chicken meat consumption is systematically increasing in Poland (Borys 2007) . Due to its dietetic properties (Dinh et al. 2011 ) some authors (Pisulewski 2005; Betti et al. 2007 ) claim that could be considered as a functional food, after some modifications in its chemical composition (e.g. increasing the ratio of PUFA and CLA isomers by adding these components to the feed).
Currently, large-scale production of chicken meat tends to limit the usage and extrection of minerals and reduce environmental pollution (Abdallah et al. 2009 ). That is why analyses of chelates of selected minerals and amino acids, including copper (Chowdhury et al. 2004; Wang et al. 2007) , are performed. Some authors suggested that mineral components from organic combinations (chelates) are assimilated much better than those from mineral combinations (Aoyagi and Baker 1993; Liotta et al. 2009 ), involving the reduction of the administration of minerals and, in consequence, the cost of breeding. Since such chelates may soon be introduced on a mass scale to feed for broiler chickens, it should be considered their impact in the nutritional value and the sensory quality of chicken meat. Consumers pay attention to safety and nutritional value of food and afterwards to the environmental impact of the manufacturing processes (Resurreccion 2003; Floros et al. 2010) .
Copper is regarded as a growth promoter in poultry aspect of breeding (Kim et al. 2011; Kwiecień and WiniarskaMieczan 2011; Igbasan and Akinsanmi 2012) , taking into account that the use of antibiotic as growth promoters has been prohibited by the European Union (Yegani and Korver 2010) . Moreover, copper can reduce cholesterol in chicken tissues (Konjufca et al. 1997; Ševčíková et al. 2003) . Igbasan et al. (2011) observed that dietary supplementation of Cu enhanced the oxidative stability of chicken meat. Some research suggested that copper is a very active catalyst in reactions occurring during peroxidation of lipids (Lauritzsen and Martinsen 1999) . Poultry meat contains a significant percentage of unsaturated fatty acids; therefore, its composition is deemed beneficial for human health (de Almeida et al. 2006) . Concerning to the effect of organic sources of copper on the fatty acids profile data available the literature were not conclusive. Ševčíková et al. (2003) found that in the breast meat of chickens receiving copper-glycinate, chelate contained less polyunsaturated fatty acids and more saturated fatty acids compared to the group receiving copper sulphate. In turn, Makarski et al. (2006) found that in turkeys receiving Culysine, chelate changed into a fatty acid profile: a statistically significant increase in the content of acid, 18:1, and a decrease in saturated acids, 14:0, 16:0 and 22:0, was identified. It must be verified whether copper administered to chickens in a more easily assimilable organic form will alter the profile of fatty acids in meat, and in particular the ratio between saturated and unsaturated acids. The saturated and unsaturated fatty acid rate also affect the organoleptic properties of meat and in particular its flavour (Ramarathnam et al. 1993) .
The objective of the study was to determine the influence of glycine-Cu chelates (Gly-Cu) on the chemical composition, fatty acids profile and sensory characteristics of raw, cooked and grilled chicken breast and thigh meat. For this purpose, different levels of Gly-Cu were added to a standard diet and were compared to the copper sulphate group.
Material and methods

Animals and diets
All procedures used throughout this study were approved by the Local Animal Welfare Committee at the University of Life Sciences in Lublin, Poland. Two hundred Ross 308 male broiler chicks, purchased from a commercial supplier, were used in this experiment. The chicks were individually weighed and divided into four treatment groups. Each treatment consisted of 5 replications in 5 cages (10 birds per cage).
The chickens were fed a starter (S) diet for 21 days, grower (G) diet from day 22 to 35 and finisher (F) diet from day 36 to 42. The basal diets were formulated using NRC (1994) guidelines. Copper requirement of broilers Ross 308 are 16 mg kg −1 feed (Aviagen 2013) . In the study, for each phase (S, G and F), four treatment were established: control group, with 16 mg/kg of sulphate of copper was added to the feed (16 mg Cu-S); and 16 mg Gly-Cu, 8 mg Gly-Cu or 4 mg Gly-Cu groups, with 16, 8 or 4 mg/kg of organically complexed Cu-glycine chelate added to the feed, respectively ( Table 1) . The values corresponded, respectively, to 100 %, 50 % and 25 % of the requirement recommended for Ross broiler chickens. They were selected based on research by other authors (Abdallah et al. 2009; Bao et al. 2007; El-Husseiny et al. 2012) , who found that the content of organic forms of trace minerals in −1 (at 100 %, 50 % and 25 % instead of inorganic forms of those minerals recommend levels for Ross broiler chicks, respectively) -groups 16 mg Gly-Cu, 8 mg Gly-Cu, 4 mg Gly-Cu doses administered to broiler chickens reduced by 50 and 75 % compared to NRC recommendations had no negative effect on the production parameters. An ad libitum feeding regime and automatic drinkers were used. During the experiment the performance parameters were analysed: daily body weight gain, feed intake and feed conversion ratio (Table 2) . At the end of the experimental period (at 42th day), 10 chicks from each treatment were slaughtered and dissected.
Sample treatment
After 24 h' refrigeration at 4°C the left and right portion of the breast and thigh meat were removed from the carcasses (skinned and deboned) and placed in separate, dark, hermetic sealed bags which is put into a freezer at −20°C and frozen prior to chemical analysis. The chemical composition was determined in crude and prepared (cooked and grilled) meat samples. Whole samples of both meats were cooked for 5 min in a 0.6 % NaCl solution at 76°C (temperature measured inside the samples), at a 1:2 meat/water ratio, or grilled at 160°C (temperature measured inside the samples) under a gas grill for 4 min.
Chemical analysis
The contents of dry matter, crude ash, crude protein and crude fat in meat samples were determined with standard AOAC (2000). The total tissue lipids were extracted according to the method of Folch et al. (1957) . The Cu, Fe, Zn and Ca content in feed and meat samples was determined using the AAS flame technique in a Unicam 939 (AA Spectrometer Unicam) apparatus, after ashing at 550°C, according to the methods of AOAC (2000) . In order to make the calibration line, standard solutions of ions were procured from Merck (Germany). Standard solutions of 20, 40, 60, 80 and 100 milliequivalent per 1 L were used both for Cu, Fe, Zn and Ca. The content of cholesterol was determined by the colorimetric method (Rhee et al. 1982) , with an EPOLL 20 colorimeter. Cholesterol reference standard C3045 was purchased from Sigma (USA). The fatty acids profile of the crude meat samples was determined with the gas chromatography method, described by Rotenberg and Anderson (1980) , using INCO 505 M apparatus with a TZ 4620 integrator (Laboratorni Pristroje Praha, Czech Republic). Individual fatty acids were identified by comparing their retention times with those of a standard fatty acid mix, Supelco 37 FAME Mix 47885-U (Sigma, UK). The ultimate pH values of both breast (Pectoralis major) and thigh (Ilio tibialis) meats were determined at 15 and 45 min post mortem from 2 g of meat mixed in 18 mL of a 5 mM iodoacetate solution (Santé and Fernandez 2000) , using a portable pH meter (Model 506, Crison Instruments, SA, Spain), equipped with a xerolyte electrode. The pH meter was standardized against standard buffers of pH 4.0 and pH 7.0. All the results obtained from the analytical laboratory were performed in three replications.
Sensory analysis of cooked and grilled meat
The sensory assessment of breast and thigh meat after thermal processing (cooking or grilling) was performed as described by Winiarska-Mieczan (2010) . The samples were scored for juiciness, tenderness, flavour (intensity and desirability) and taste (intensity and desirability) on a five-point scale: from 5 (maximum) to 1 point scores (minimum). The sensory assessment of meat quality was performed by a team of taste panelist trained according to the ISO 8586-2:1996 standard. After the sample of meat was cooled, it was cut into pieces of equal size and weight (approx. 25 g) and placed in plastic, disposable boxes covered with lids.
All samples for the assessment were assigned individual three-digit codes and served at random in order to avoid the carry-over effect. The sensory analysis was repeated twice. Every tester received 2 sets comprising 1 sample of breast meat and thigh meat from each experimental group (8 samples per set). Every trained panellist was provided with hot tea without sugar to neutralize their taste between subsequent samples. The assessment was performed in a room at ambient temperature and in daylight. 
Statistical analysis
The results were analysed by statistical methods. The arithmetic means and standard error of the mean (SEM) were calculated using STATISTICA 6.0 software (STATSOFT 1995) . The significance of differences between mean values calculated for respective groups was evaluated by means of a one-factor variance analysis (ANOVA) using the t-Student-NewmanKeuls procedure. The P value<0.05 was considered significant.
Results
Growth performance and feed consumption
The addition of Gly-Cu chelate in the chicken diets did not change the growth performance, feed to gain ratio, dressing percentage and content of breast and thigh meat in carcass (Table 2) .
Chemical composition of breast and thigh meat
No statistically significant influence of using Gly-Cu on the content of the crude protein, fat and ash in the breast meat was noted (Table 3) . At the same time it was demonstrated that the crude breast meat in chickens receiving the chelate and the crude thigh meat in chickens from group 16 mg Gly-Cu contained significantly less cholesterol than in the birds from the control group (16 mg of S-Cu). The fatty acids profile of the breast and thigh meat in chickens receiving chelates was modified to a small extent compared to the control group (Table 4) . No statistically significant effect of the experimental agent was observed regarding the content of Cu, Zn and Ca in the breast meat (Fig. 1) . The Fig. 1 The influence of glycineCu chelate on the content of Cu, Fe, Zn and Ca in the breast meat * significant versus group 16 mg S-Cu treatment influenced the share of Fe in the breast meat; in chickens from all the groups administered Gly-Cu chelate there was significantly (P<0.05) more Fe compared to the group given 16 mg of S-Cu. Crude thigh meat revealed significantly higher levels of Zn and Ca compared to the 16 mg S-Cu group (Fig. 2) .
Sensory characteristics of breast and thigh meat Figures 3 and 4 give the results of the sensory evaluation of breast and thigh meat after cooking or grilling. Juiciness, tenderness, flavour (intensity and desirability) and taste (intensity and desirability) were determined. No significant effect of the diet on the sensory characteristics of the meats was observed. Therefore, it may be concluded that the addition of Gly-Cu at different levels does not negatively influence the quality of meat, compared to S-Cu.
Discussion
Commercial broiler diets contained inorganic trace minerals at a rate of 2-10 times more than the amounts recommended by the National Research Council (Inal et al. 2001; Wang et al. 2008) . Some authors have suggested that organic minerals (chelates) are much better assimilated than those from inorganic combinations (Aoyagi and Baker 1993; Liotta et al. 2009 ), involving the reduction of the minerals' administration. Saripinar-Aksu et al. (2012) claim that the optimum level of organically complexed trace elements for poultry was not determined. According to Abdallah et al. (2009) and El-Husseiny et al. (2012) trace minerals, such as Zn, Cu, Mn and Fe, deriving from organic sources can be added to broiler diets at considerably lower levels (50 % of the total mineral requirement recommended for broiler chicks) than their inorganic forms (100 % of currently recommended level) without any negative effect on performance and carcass characteristics. Bao on the final weight, average daily gain, average daily intake and feed conversion were noted. Results showed that the breast meat in chickens receiving the chelate contained significantly (P<0.05) less cholesterol than in chickens receiving inorganic copper. Literature provides little information on the effect of using Cu chelates on the content of cholesterol in the meats, but it may be supposed that the organic compound of Cu affects lipid transformations in the animals' organisms. Ševčíková et al. (2003) noticed that the addition of 175 mg of copper in the form of Gly-Cu per kg of feed resulted in a statistically significant (P<0.05) reduction in the concentration of cholesterol in breast meat, in reference to the groups receiving copper in the inorganic form (35 mg or 175 mg/kg). Lim et al. (2006) demonstrated that the addition of 100 ppm of Cu from methionine-Cu chelate, did not significantly affect the content of cholesterol in blood and in the breast meat. In the study the content of cholesterol was determined in crude meat, while studies by other authors revealed that during thermal processing cholesterol was transferred from the fat tissue to meats, so meat that has been culinary prepared will contain more cholesterol than crude meat (Swize et al. 1992) . It is possible, however, that cooked meat contains more cholesterol because thermal processing modifies the proportions between the chemical components of meat (Dinh et al. 2011) . Our study showed that breast meat contained nearly half the amount of cholesterol found in thigh meat. Dinh et al. (2008) noted a positive correlation between the content of cholesterol in meat and the amount and level of intramuscular fat. Our results suggested that the breast meat of chickens receiving organic copper contained more Fe, while the thigh meat was richer in Zn and Ca compared to the group receiving inorganic copper. The change in the ratio of these components in the analysed tissues could be explained by interactions between copper and other metals. Cu reveals some antagonistic activity in relation to Zn and it participates in metabolic processes involving Ca (Pang and Applegate 2007) .
In this study, no significant differences (P<0.05) in juiciness, tenderness, flavour, or taste were detected among the breast and thigh meat samples from broilers fed Cu-S or CuGly. Thigh meat was characterized by 5-fold higher content of fat in comparison with the breast meat. Many of the flavour components of poultry are fat soluble (Williams and Damron 1998) . Fat has a positive effect on the texture and sensory quality of food products (Sasaki et al. 2007 ) and is a carrier of taste and flavor. In this study, the fatty acids profile of the breast and thigh meat in chickens receiving chelates was modified to a small extent compared to the control group. According to Ševčíková et al. (2003) the fatty acid profile in the breast meat of broiler chickens depends on whether the source of copper is organic or inorganic.
Conclusion
The results of this study demonstrate that an addition of GlyCu chelates to the broilers' diet does not negatively influence the chemical composition and sensory characteristics of chicken breast and thigh meat, compared to copper sulphate. Therefore, we suggest that Gly-Cu should be used as an alternative to Cu-S. Additionally, the fact that the breast meat in chickens administered Gly-Cu contained significantly less cholesterol than that in the control group results in enhancing the healthpromoting qualities of chicken meat.
